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57 ABSTRACT 

This invention relates to a diplexed multi-frequency 
CW radar for use in the measurement of range and rel 
ative velocities between two vehicles. The radiated sig 
nal is modulated so that several frequencies are trans 
mitted on a time-sharing basis. Doppler signals result 
ing from the reception of energy reflected from a target 
are gated to produce two composite doppler signals. 
Range to the target is proportional to the phase angle 
between the composite doppler tones and range rate is 
proportional to the frequency of the composite signal. 
The composite doppler signal can be represented as the 
vectorial summation of two component signals. The 
phase relationship between the two composite signals 
establishes range for all target ranges. However, the 
composite vectors are reduced to zero at a preselected 
maximum range and become ambiguous beyond that 
range. This provides range cut-off for the system. Am 
biguous signals existing because of reflections from tar 
gets beyond the maximum range are below the thresh 
old level of the system, and therefore, are of no conse 
quence to the system. 

14 Claims, 13 Drawing Figures 
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DIPLEXED MULTI-FREQUENCY CW DOPPLER 
RADAR 

BACKGROUND OF THE INVENTION 
The rapidly increasing population of vehicles on the 

highways creates a need for automatic vehicle control 
systems which improve safety and assist in traffic flow 
and driver convenience, while allowing the driver to as 
sume full control of the vehicle at his option. 
Various types of automatic vehicle control systems 

are presently available and various other types have 
been proposed. One type of vehicle control system 
which is presently available is solely a driver conve 
nience system, and provides automatic speed control of 
the vehicle. The vehicle is held at a preselected speed 
which is chosen by the driver consistent with traffic 
conditions. This type of system automatically maintains 
the vehicle at the preselected velocity irrespective of 
road grade and without any attention from the driver. 
However, the driver can assume control of the vehicle 
velocity by either braking or accelerating the vehicle at 
his option. This type of system is very convenient for 
the driver, especially for turnpike and long distance 
driving where a constant speed can be held for rela 
tively long periods of time. However, such a system has 
little or no safety value and does not assist in maintain 
ing smooth traffic flow in congested areas. 
Various types of collision avoidance systems have 

also been proposed. These systems are intended to 
monitor the highway appearing before a traveling vehi 
cle so that hazardous passing or driving conditions can 
be avoided. Accordingly, a driver attempting to pass a 
vehicle would be forewarned or prevented from passing 
if the possibility of a head-on collision with an oncom 
ing vehicle existed. Alternatively, a vehicle traveling in 
the same direction as the radar bearing vehicle, which 
is involved in a collision or suddenly slows for some 
reason, presents a hazardous condition which would 
automatically be avoided by the instantaneous braking 
or turning of the radar bearing vehicle. The collision 
avoidance system must, therefore, be capable of over 
riding the driver and an automatic speed control sys 
te. 

It has also been proposed to adapt a collision avoid 
ance system to automatically maintain a safe traveling 
distance between vehicles traveling in the same direc 
tion. Accordingly, the latter type system presents a 
complete automatic control package in that it would 
permit convenient velocity maintenance and simulta 
neously monitor the highway for potential hazardous 
conditions. Although such systems are theoretically 
feasible, they are economically unfeasible, and accord 
ingly, have not been adopted as of the present date. 
Because of the economic infeasibility of adopting a 

complete collision avoidance system, several proposals 
exist for an adaptive speed control system. This type of 
system lies between the automatic speed control type 
of system, which is a convenience only, and the fully 
automatic collision avoidance system, which provides 
full roadway safety. Accordingly, the adaptive speed 
control system is intended to maintain a safe following 
distance between vehicles traveling in the same direc 
tion. For this reason, the system monitors the distance 
and closing rate or opening rate between two vehicles 
traveling in the same direction, and automatically 
brakes or accelerates the following vehicle to maintain 
an optimum following distance in accordance with the 
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2 
velocities of the two vehicles. The adaptive speed con 
trol system, therefore, offers the convenience of the au 
tomatic speed control system, but improves upon this 
type of system by maintaining an optimum vehicle 
spacing to thereby enhance traffic flow in congested 
areas. The adaptive speed control system can be over 
ridden by manual inputs by the driver, such as braking 
or acceleration to thereby avoid a possible collision by 
manual rather than automatic means. 
The inventive radar system described in this applica 

tion is primarily directed to utilization in an adaptive 
speed control system for maintaining a constant and 
safe spacing between vehicles traveling in the same di 
rection. However, although it is described basically in 
this environment, it is not to be so limited as it obvi 
ously can be used in many types of systems requiring 
the measurement of range and range rate between two 
relatively moving vehicles, or a moving vehicle and a 
stationary object. 
The inventive systems can also be utilized as an air 

craft instrument. The knowledge of the altitude of an 
aircraft is important information for many purposes. 
For this reason, many sophisticated ranging systems 
have been developed. A well known system is a pulsed 
radar system in which the time required for a transmit 
ted pulse to return to the transmitting aircraft is a mea 
surement of range. This type of system is very accurate 
at relatively high altitude. However, at lower altitude 
the received pulse may have returned so rapidly that it 
is undistinguishable from the transmitted pulse. The 
ability to obtain meaningful altitude, or range, informa 
tion with a pulse type of system is therefore dependent 
upon the ability to retain resolution between the trans 
mitted and received pulses. For this reason, the range 
at which accurate range information is obtained de 
creases proportionally with decreasing pulse width. 
However, this places a limitation on the systems be 
cause of the inability to reduce the pulse width to a 
value which is capable of yielding accurate range infor 
mation for ranges less than approximately 50 feet. Fur 
thermore, only the most expensive and sophisticated 
systems are useful inside of 150 feet. 
The inventive system does not have sufficient power 

output to measure range beyond approximately 300 
feet. However, it does yield accurate information 
within 50 feet. The inventive system is therefore useful 
as an addition to existing pulse radar systems. 
Because of the economy of the inventive systems, it 

can also be used in aircraft which ordinarily would not 
contain radar systems because of the expense of exist 
ing systems. Accordingly, a private or general aviation 
aircraft could be equipped with the inventive system 
and thus be capable of accurate radar range measure 
ment within the maximum capability of the system. Al 
though the system would have a range limitation, it 
would nevertheless constitute a marked improvement 
over no radar at all. 

SUMMARY OF THE INVENTION 
The inventive radar system described herein is useful 

in an adaptive speed control system or as an aircraft 
ranging system of the types described hereinabove. The 
radar system is a diplexed multi-frequency CW doppler 
radar which is capable of measuring range and relative 
velocity between two vehicles or between a vehicle and 
a stationary target. Relative velocity is determined 
from the frequency of the doppler shift between trans 
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mitted and reflected signals. Range is proportional to 
the phase angle between composite doppler tones asso 
ciated with each of two doppler channels. Range cut off 
is provided by using a complex modulation of the trans 
mitted signal. Accordingly, four frequencies are trans 
mitted. The composite doppler signal for each channel 
can be represented as the vector summation of two 
component signals. The two composite doppler signals 
together define the phase angle which determines the 
range between the target and the transmitting antenna. 
Therefore, although a phase relationship between the 
two doppler signals remains for all ranges, the compos 
ite vector disappears at the preselected range. This pro 
vides a range cut off which is defined by the maximum 
range intended for the inventive system. Although the 
composite vector reappears beyond the maximum 
range, it is greatly attenuated by the distance factor, 
and therefore, is well below the threshold level of the 
radar system. 
An exemplary frequency is 16 GHz for operation of 

the system in an adaptive speed control system. A pro 
posed antenna aperture for this frequency is 11 X 14 
inches so that the antenna beam-width is in the order 
of 3.8 x 2.8 at the exemplary frequency. This narrow 
beam-width is preferable for the elimination of return 
signals from adjacent lane vehicles, road return, and 
reflections from fixed road side objects such as lamp 
posts and signs. A higher radar frequency which is in 
the band of 35 to 40 GHz would permit a reduction in 
the antenna aperture to approximately 6 inches while 
maintaining a narrow beam-width. The antenna is a 
uniformly excited resonant planar slotted array. The 
waveguide slots are cut on the narrow wall of the wave 
guide elements with space between the elements for 
cooling purposes. The slots are covered by a thin teflon 
coating to prevent deterioration by weather conditions 
and accumulations of dirt and tar, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a preferred embodiment 
of the inventive system. 
FIG. 2 is a simplified diagram of a Gunn diode dopp 

ler radar system including the modulation generator 
and gates useful with the inventive system. 
FIG. 3 shows a two frequency composite waveform 

which can be transmitted by the system of FIG. 1. 
FIGS. 3a and 3b show the individual doppler signals 

which make up the composite signal shown in FIG. 3. 
FIG. 4 shows the four-frequency variation of the 

transmitted signal used to realize range cut-off. 
FIG. 5 shows a series of vectorial relationships be 

tween the transmitted frequencies which are useful in 
describing the range cut-off feature of the inventive 
system, 
FIGS. 6a and 6b show the individual waveforms 

which can be used to form the composite modulating 
frequency so that the transmission of the frequencies 
shown in FIG. 4 is achieved. 
FIG. 7 shows the complex modulating signal resulting 

from the addition of the waveforms shown in FIGS. 6a 
and 6b. 

DETALED DESCRIPTION 

The preferred embodiment shown in FIG. 1 includes 
a transmitting-receiving antenna 12 which is coupled to 
transmitter 17 through a three port circulator 14 and 
a capacitance screw tuner 13. Circulator 14 serves to 
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4 
isolate the transmitter and receiver. Additional isola 
tion is afforded by the tuner 13 which reflects a small 
amount of transmitted energy in the proper phase to 
cancel transmitter leakage. 
The received signal is coupled to a balanced mixer 21 

by way of circulator 14. A portion of the transmitted 
output is injected into mixer 21 by way of a directional 
coupler 16. The output of the mixer, therefore, con 
tains the doppler tones which are the difference be 
tween the transmitted and received frequency. Because 
the transmitter frequency is switched back and forth 
between two frequencies F and F, the doppler infor 
mation is contained in alternate short bursts of energy 
which appear at the transmitter switching rate. 
The switching of the transmitter frequency between 

the frequencies F and F is provided by a modulator 
18. Modulator 18 also serves to actuate gate generator 
19 which is used to gate the gate circuits 24 and 26 syn 
chronous with the transmitter switching so that the re 
ceived signal is properly gated to separate channels 
provided for the two distinct doppler frequencies. 
The output of balanced mixer 21 is amplified in a low 

noise linear preamplifier 22 which has a band pass 
which is at least five times the transmitter switching 
rate. A high band pass is required in order to preserve 
the doppler information contained in alternate half cy 
cles of the transmitter switching. 
Reference to FIGS. 3,3a and 3b provides a better un 

derstanding of the received signals. The composite 
waveform shown in FIG. 3 includes a first transmitted 
frequency F and a second transmitted frequency F. 
The doppler information relative to the frequencies F, 
and F, is provided in the envelopes of the waveform. 
Accordingly, the doppler frequency Fall, which is asso 
ciated with transmitted frequency F, is defined by the 
leading envelope of the waveform. In like manner the 
second doppler frequency Fd, associated with the 
other transmitted frequency F, is defined by the lag 
ging envelope of the FIG. 3 waveform. 
The FIG. 3 waveform, which is the output of the pre 

amplifier 22, is coupled by way of emitter follower 23 
to gating circuits 24 and 26. The composite waveform 
shown in FIG. 3 is applied to both gates 24 and 26. 
However, because the gate generator 19 actuates gates 
24 and 26, synchronous with the transmitter switching, 
the waveforms shown in FIGS. 3a and 3b are individu 
ally injected into the two receiving channels. Accord 
ingly, the doppler signal Fd is gated to one channel 
while the doppler signal Fd is gated to the other chan 
nel. 
The doppler channel associated with gate 24 includes 

an active low pass filter 27 and an amplifier-limiter 29. 
Low pass filter 27 is used to limit the processing of 
doppler signals to those which are within the band cor 
responding to closing or opening velocities which are 
most likely to be encountered in headway control. Ac 
cordingly, a considerable rejection of doppler signals 
from fixed objects such as bridges, road signs, and trees 
is offered by the system. 

In a similar manner, the doppler channel associated 
with gate 26 includes an active low pass filter 28 and 
an amplifier-limiter 31. These components serve to op 
erate in the same manner as those associated with gate 
24. 
As an example, the doppler band pass can be approx 

imately 1,000 H, which at a radar frequency of 16 GHz 
represents relative velocities from zero to 30 feet per 
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second. It should be noted that these values are not 
represented as being optimum. A wider band pass 
would permit operation over a wider range of relative 
velocities at the expense of some fixed target rejection. 
Another means of fixed target rejection includes nar 
row band velocity gating. This technique could be em 
ployed if the band pass were widened to an extent 
which negated the benefits of fixed target rejection. 
The amplifier-limiter circuits 29 and 31 contained 

within the two doppler channels amplify the outputs of 10 
the doppler filters to a level whereby an amplitude 
insensitive phase measurement can be made. The out 
puts of both doppler channels are, therefore, injected 
into a phase detector 34 which measures the phase 
angle existing between the doppler frequencies Fd and 
Fd, shown in FIGS. 3a and 3b, respectively. The output 
of phase detector 34 is a DC voltage which is propor 
tional to the phase shift between the two doppler sig 
nals, and therefore, is indicative of the range between 
the target and the transmitting antenna. The direct pro 
portionality of the output of phase detector 34 to range 
holds true over a target range represented by a phase 
from 0 to 180'. Beyond 180° the output of the phase 
detector voltage decreases and is thus ambiguous. 
The maximum range, or the range beyond which the 

phase angle becomes ambiguous, is a function of the 
two transmitted frequencies F and F. This is defined 
by the equation: 

Adb = (47T RAF)/c 
where: 

c = the velocity of light 
R = range 
AF = F - F, 
Aq = the phase angle 
Equation 1 shows that an increase in the range at 

which the ambiguity occurs can be accomplished sim 
ply by decreasing the value AF. Alternatively, a de 
crease of the range at which the ambiguity occurs can 
be accomplished by increasing the value AF. 

Irrespective of the desired critical range, some signals 
in the ambiguous range may be accepted from large 
targets which are present in the favorable aspect. This 
difficulty can be greatly alleviated by providing a 
threshold above which targets are accepted and below 
which received signals are rejected. 
The description so far has been directed to the em 

bodiment shown in FIG. 1 which includes the direc 
tional coupler 16, balanced mixer 21 and circulator 14. 
A radar system employing these elements is perfectly 
effective in the type of system desired. However, eco 
nomic considerations require simplification to the larg 
est extent possible. An embodiment consistent with the 
economic consideration is shown in FIG. 2. 

In FIG. 2 a transmitter generally indicated by refer 
ence numeral 10 includes a Gunn diode 11. Gunn 
diode 11 serves as both the transmitter oscillator to 
generate the transmitted frequencies F and F and also 
as a frequency converter, or mixer, to derive the two 
doppler frequencies Fa, and Fd. In order to achieve 
the transmission of two discrete frequencies, it is neces 
sary to tune the Gunn diode 11. This is accomplished 
by use of a varactor 43 which is placed within the reso 
nating cavity 44 of the Gunn diode transmitter. As is 
well known, a varactor is a capacitive element which 
changes its impedance in response to a varying voltage 
applied thereto. Accordingly, the impedance seen by 
Gunn diode 11 is varied in accordance with the varia 
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6 
tion of the impedance of the varactor 43. This change 
in impedance results in the transmission of the two dis 
crete frequencies F and F. 
The required impedance changes of varactor 43 can 

be achieved by use of modulation generator 18. By 
using a square wave generator, the transmitted fre 
quency changes between the frequencies F, and F, at 
the frequency of the square wave generator. The rate 
of change of modulation is selected to be higher than 
the highest doppler frequency of interest. 
The required modulation can also be achieved by 

coupling modulation generator 18 to the Gunn diode 
11 and voltage tuning the Gunn diode in this manner. 
This is an acceptable method, however, it is possible 
that some undesired amplitude modulation could oc 
Cl 

Energy for the oscillation of Gunn diode 11 is pro 
vided by a voltage source 47 which is coupled to the 
diode 11 through a resistor 46. Reflected energy is re 
ceived by the antenna 12 and is mixed with the trans 
mitted energy by Gunn diode 11 so that the doppler sig 
nals are present across the Gunn diode 11. These sig 
nals are coupled to gates 24 and 26 for separation into 
the two doppler channels in a manner similar to that as 
sociated with the embodiment shown in FIG. 1. Ac 
cordingly, modulation generator 18 is also coupled to 
gates 24 and 26 so that the synchronous switching of 
gates 24 and 26 occurs. 
As mentioned hereinabove, the desired operation 

can be achieved by square-wave modulating Gunn 
diode 11 or the transmitter 17 shown in the FIG, 1 em 
bodiment. In these instances, range cut-off can be pro 
vided by properly adjusting the differences between the 
two transmitted frequencies to increase the range at 
which the ambiguity occurs. Although this is a possibil 
ity, it has disadvantages because errors in phase mea 
surement are more critical and have a greater bearing 
on the range measurement. A preferable means of pro 
viding range cut off involves frequency shifting the 
transmitted signal so that a composite signal is derived 
for each of the two doppler channels. A modulation 
scheme which is simple to implement and which will 
operate in this manner is described with respect to the 
waveform shown in FIG. 4. 
An effective range cut-off can be achieved by trans 

mitting the four frequencies F, F, F, and F in the 
time sequence illustrated in FIG. 4. The four transmit 
ted frequencies are selected such that: 
F = F + AF 
F. F. -- AF 
F - F as AF/2 
F - F = AF/2. 
The timing of transmission of the four frequencies is 

illustrated in FIG. 4. The two frequencies F and F are 
transmitted at a time when the doppler channel Fd is 
gated open, while the two frequencies F and F are 
transmitted as when the doppler channel Fd, is gated 
open. 
Accordingly, the two doppler channels each receive 

two doppler signals which form a composite doppler 
signal. One of the composite signals is composed of the 
doppler signals Fall and Fala, and the other composite 
signal is composed of the two doppler signals Fa, and 
Fd. The doppler signals applied to the two channels 
are, therefore, the vectorial sum of the two doppler sig 
nals for each channel. This is illustrated with respect to 
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FIG. 5 where the vectorial summation for several typi 
cal ranges is shown. 
FIG. Sa is representative of the two doppler signals 

Fd, and Far which would be received at an exemplary 
range of 150 feet. The two doppler frequencies Fa, and 
Fds combine to form the resultant composite doppler 
signal Fd. In like manner, the two doppler signals Fal 
and Fd result in the composite doppler signal Fd. 
FIG. 5b shows a similar situation for a range of 300 
feet. However, it should be noted that the resultant 
doppler signal Fd, is smaller in amplitude than the re 
sultant doppler frequency Far for the 150 foot range. 
The decrease of the resultant vector is exemplified by 

reference to FIG. 5c which represents a range of 450 
feet where Fd, is still smaller than it is in FIG. 5b. In 
FIG. 5d, which represents a 600 foot range, the resul 
tant doppler signals have been reduced to zero, as 
would be expected because the two component signals 
are 180° out of phase. 
Although the amplitude of the two resultant doppler 

signals Far and Fd is reduced to zero at a maximum 
range of 600 feet as selected for the illustration, a phase 
relationship is maintained between component vectors. 
Accordingly, the phase relationship between Fd, and 
Fd in FIG. 5a is 90. This is the same as the phase rela 
tionship between the two component vectors Fall and 
Fd, and the two component vectors Fas and Fd. Refer 
ence to FIGS. 5b, 5c, and 5d shows that the phase rela 
tionship between doppler frequencies resulting from 
alternately transmitted frequencies holds true for all 
ranges. 
The reduction of the resultant doppler vectors to 

zero at a given range provides an adequate range cut 
off for the radar system. However, it should be noted 
that beyond the maximum selected range, the resultant 
vectors again begin to appear with the proper phase re 
lationship. However, reflected signals from targets be 
yond the maximum range will be well below the thresh 
old of the system, and therefore, the system will be in 
sensitive to these signals. 

In order to transmit the four discrete frequencies F, 
F, F, and F, it is necessary to modulate the transmit 
ter in accordance with a waveform resulting in these 
frequencies. This is illustrated with respect to FIG. 7 
where an exemplary complex waveform capable of 
achieving the required modulation is shown. In FIG. 7 
the four levels 1, 2, 3, and 4, respectively represent the 
four frequencies F, F, Fa, and F. Accordingly, modu 
lation generator 18 shown in FIG. 2 would be capable 
of generating this type of waveform. 
Although various methods of generating the complex 

waveform shown in FIG. 7 are available, it should be 
noted that the two simple waveforms shown in FIGS. 6a 
and 6b can be added to result in the waveform shown 
in FIG. 7. Therefore, modulator generator 18 can in 
clude two simple generators which are individually ca 
pable of generating the two simple waveforms shown in 
FIGS, 6a and 6b. It should be noted that the waveform 
of FIG. 6b is obtained by division in frequency of the 
waveform in 6a so that the waveform of FIG. 6b is ex 
actly half the amplitude and frequency of the FIG. 6a 
waveform. 

It should also be noted that the gating of gates 24 and 
26 is such that gating occurs between each of the four 
transmitted frequencies. Accordingly, one gate is open 
when the frequencies F and Fs are transmitted, and 
the other gate is open when the frequencies F and F. 
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8 
are transmitted. Because the required gating of gates 
24 and 26 makes it necessary to switch the gates be 
tween each of the four frequencies, the waveform 
shown in FIG. 6a can be used as the gating signal. 

Referring again to the two doppler channels associ 
ated with the transmitter of the embodiment shown in 
FIG. 1, it is seen that the outputs from the two channels 
are injected into a phase detector 34, the output of 
which energizes a low pass filter 32 which rejects high 
frequency components so that the output of low pass 
filter 34 is a DC voltage which is representative of the 
range between a target and a transmitting antenna 12. 
It should be understood that the doppler channels 
shown in FIG. 1 would also be associated with the em 
bodiment shown in FIG. 2. 
The output of either of the doppler channels is also 

injected into a frequency converter 36, the output of 
which energizes a low pass filter 33 so that the output 
of the low pass filter 33 is a DC voltage representative 
of the range rate between the target and the transmit 
ting antenna 12. 
An approach-recede detection circuit 37 also re 

ceives the output from both the doppler channels. The 
output of this circuit is indicative of the approach or re 
cede relationship between the target and the antenna 
12, accordingly, this voltage is a DC voltage, the polar 
ity of which is indicative of the direction of relative ve 
locity between the two vehicles. It should be noted that 
the output of phase detector 34 can also be utilized to 
give this indication. 
After passing through active filter 27 the output of 

gate circuit 24 is injected into a frequency discrimina 
tor 41 through an amplifier 38 and threshold detector 
39. The output of frequency discriminator 41 is used to 
give an indication of whether a target is present or ab 
sent in accordance with the threshold value set in de 
tector 39. Accordingly, targets beyond the maximum 
preselected range will be below this threshold and a tar 
get absent indication will be given. Alternatively, when 
a target is within the maximum preselected range, a tar 
get present indication is given. 
A target presence signal is necessary because of er 

rors in measurement of range and range rate for weak 
signals. Weak signals occur at long ranges because of 
1/R attenuation. Fading signals also occur at short 
range because of multi-path reflections which may add 
in phase opposition to the direct signal. 
The radar systems are periodically self-tested by 

means of a low frequency signal which is applied to the 
transmitter. This signal results in some amplitude and 
frequency modulation which appears at the output of 
the mixer as a single doppler tone at the modulation 
frequency. The self-test signal is applied by means of 
self-test oscillator 42 as shown in FIG. 1. The self-test 
signal is gated through both doppler channels and ap 
pears at the sensor output as a target present signal. 
The range is zero because there is no phase shift be 
tween doppler signals and the range rate corresponds 
to the modulation frequency. As an example, the sys 
tem can be self-tested for a period up to 1.5 seconds 
every 34 seconds. The system would preferably self-test 
only during periods of targets absent, and accordingly 
no self-test would be commanded until 34 seconds after 
a target is absent. If a critical component such as the 
Gunn diode or preamplifier should fail, the target ab 
sent condition during self-test would result in an indica 
tion of failure on the vehicle and the system would au 
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tomatically be disconnected from the vehicle control 
elements. 
What is claimed is: 
1. A homodyne doppler radar system for yielding 

range, range rate and approach-recede information rel 
ative to a target and said radar system comprising: 
a transmitter for transmitting signals; 
a receiver for receiving reflected signals; 
means for mixing said transmitted signals and said re 
flected signals for producing doppler signals; 

means for frequency modulating said transmitter so 
that at least two discrete frequencies are transmit 
ted and at least two doppler signals are produced 
by said means for mixing; 

1O 

individual doppler channels for individually receiving 15 
each of said doppler signals; 

individual gate means associated with respective ones 
of said channels so that said channels are respon 
sive to said means for mixing; 

said gate means being responsive to said means for 
modulating so that said doppler channels are se 
quentially switched on and off as said discrete fre 
quencies are sequentially transmitted; 

doppler phase comparison means receiving said 
doppler signals and producing an output indicative 
of the range between said target and said systems; 

range rate indicative means for receiving either of 
said doppler signals and producing an output indic 
ative of the relative velocities of said target and 
said systems; and 

approach-recede means for receiving said doppler 
signals and generating an output indicative of the 
opening or closing relationship of said target and 
said system; 

2. The system of claim 1 wherein signals at four dis 
crete frequencies are sequentially transmitted, two of 
said frequencies cooperating to form one of said dopp 
ler signals and the other two frequencies cooperating to 
form the other of said doppler signals. 

3. The system of claim 2 wherein said doppler phase 
comparison means receives said first and second com 
posite signals so that said output indicative of range is 
proportional to the phase difference between said com 
posite signals, a phase difference existing for all ranges 
between said system and said target but the amplitudes 
of said composite signals gradually becoming zero at a 
preselected range to provide a maximum range cut-off 
for said system. 

4. The system of claim 1 wherein signals of four dis 
crete frequencies are transmitted, the first and second 
of said frequencies alternately actuating the first and 
second of said doppler channels respectively, and the 
third and fourth of said frequencies alternately actuat 
ing the first and second of said doppler channels re 
spectively, the first and third of said frequencies se 
quentially actuating said first channel and the second 
and fourth of said frequencies sequentially actuating 
said second channel so that the first and third of said 
frequencies cooperate in the production of a first com 
posite doppler signal and the second and fourth of said 
frequencies cooperate in the production of a second 
composite doppler signal. 

S. The system of claim 1 wherein signals at four dis 
crete frequencies are transmitted on a sequentially 
timed basis so that said four frequencies are alterna 
tively gated to said first and second doppler channels, 
the first and third of said doppler signals forming a first 
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10 
composite doppler signal, and the second and fourth of 
said dopplersignals forming a second composite dopp 
ler signal. 

6. The system of claim 5 wherein said transmitter, 
said receiver and said means for mixing are provided by 
a Gunn diode. 

7. A doppler radar system having range cut-off capa 
bility comprising: 
means for generating and transmitting signals at four 
discrete frequencies; 

means for receiving reflected signals, said reflected 
signals being individually mixed with said discrete 
frequencies to produce four component doppler 
signals; 

a first and a second composite doppler channel; 
gating means for gating two of said component dopp 

ler signals to said first doppler channel to form a 
first composite doppler signal, and for gating the 
other two of said component doppler signals to said 
second doppler channel to form a second compos 
ite doppler signal, the phase difference between 
said composite doppler signals being indicative of 
the range between said radar system and a target, 
and the amplitudes of said composite signals ap 
proaching zero as a 180° phase difference between 
said component signals is approached so that a 
maximum range for said system is defined by said 
two composite doppler signals. 

8. The system of claim 7 wherein said four frequen 
cies are defined as F, F, Fa, and F and: 

F. e F. - AF 
F = F + AF 
F - F = AF/2 
F - F = AF/2. 
9. The system of claim 8 wherein said means for gen 

erating and transmitting includes a voltage sensitive el 
ement, and modulation means for producing a wave 
form for modulating said voltage sensitive element to 
cause the transmission of said four frequencies F, F, 
Fs, and F. 

10. The system of claim 9 further including self-test 
signal generating means for generating a test signal, 
said test signal being coupled to said first and second 
doppler channels so that the proper functioning of said 
system is periodically tested. 

11. The system of claim 10 wherein said test signal is 
coupled to said doppler channels through said transmit 
ter. 

12. The system of claim 9 further including threshold 
establishing means receiving an input from one of said 
gating means, said threshold establishing means yield 
ing a target present indication when said gating means 
provides an input above a preselected level and a target 
absent indication when said gating means provides an 
input below said preselected level. 

13. The system of claim 12 wherein said voltage sen 
sitive element is a varactor and said means for generat 
ing and transmitting includes a Gunn diode. 

14. The system of claim 13 further including phase 
detection means for receiving said composite doppler 
frequencies from said first and second doppler chan 
nels for producing a signal proportional to the phase 
difference between said composite doppler signals, said 
proportional signal being indicative of the range be 
tween a target and said system; 
a frequency converter receiving either of said com 

posite doppler signals and producing a range rate 
signal in response to said doppler signal; 

and signal comparison means for receiving said com 
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posite doppler signals and producing a polarity respect to said systems and the other polarity 
signal, one polarity of said signal comparator indicating that said target is receding with respect 
indicating that said target is advancing with to said system. 
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